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MEMORANDUM

SUBJECT: Meeting Summary--OTE Disposition of PRL-1 Report on
) Asbestos-Contaminated Vermiculite

FROM: Joseph J. Merenda, Director
Assessment Division .

TO: Warren R. Muir, Deputy Assistant Administrator.
for Testing and Evaluation

On June 12, 1580, the DAA/OTE met with,representatives of the -
Assessment Division (AD), the Health Review Division (HRD), and
the DAA's Senior Medical Adviser to discuss the disposition of
‘AD's Priority Review Level 1 (PRL-1l) report on asbestos-
contaminated vermiculite. The Environmental Review Division
(ERD) did not attend but earlier provided comments to AD agreeing
with the report's conclusions.

After discussion of various aspects of the vermiculite problem,
the following decisions_were made by the DAA/OTE:

1) The recommendations on pps. 24-27 of the PRL-1
report were adopted. Implementation of Recommenda-
tion C., initiate pre-regulatory control options
analysis, will be done first through prompt
consideration. by the Section 6 Policy Group. AD
will provide copies of the PRL-l to policy group
members.

2) Decisions on the scope and manner of implementation
of recommendations A and B (data gathering and
ana1y51s) will follow decisions on the TSCA role
in taking action on asbestos-contaminated vermiculite.

. 3) AD will discuss with Jim Reisa mechanisms for
getting ORD research initiated on the health
"effects of vermiculite (as opposed to asbestos)
fibers. .

cc: E. Barrera
J. Ficke
R. Guimond
C. Mapes
J. Reisa
J. Rowe
M. Segal
J. Seifter s
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'T% "UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
q WASHINGTON, D.C. 20460

JN 510

OFFICE OF TOXIC SUBSTANCES

MEMORANDUM

SUBJECT: Review of Priority Review Level-l

( PRL-1)
Report - Asbestos-Contaminated Vermiculite

FROM: Joseph J. Merenda, Director /’<2ZQLLQAA,AQ,,N

Assessment Division (TS—792)

TO: Warren R. Muir
Deputy Assistant Administrator
for Testing and Evaluation (TS-792)

James Reisa, Acting Director
Health Review Division (TS-792)

John Ficke, Acting Director
Environmental Review Division (TS-792)

The attached PRL-1 report entitled Asbestos-Contaminated
Vermiculite is being distributed for review within the Office of
Testing and Evaluation. This chemical was referred to the
Chemical Review and Evaluation Branch for consideration in the
Priority Problem Assessment (PPA) process as a potential
(backlog) 4(f) candidate. Consequently; the attached document
does not address all potential sources and effects of the
chemical. Instead, it addresses only those sources and effects
relevant to the identified priority problem; i.e., the risk of
asbestos-related diseases among workers who mine and process

vermiculite.

Based on my. . review of the PRL-1 report, I reccmmend that
assessment activities be continued after completion of data
gathering activities to provide additional exposure information
relevant to an assessment of risk. In addition to the problem
originally recommended for consideratlon, I also recommend that
data gathering and subsequent assessment activities be expanded
to include an evaluation of the risk to the general population
through use of products containing asbestos-contaminated
vermiculite. Because section 4(f) of TSCA is not applicable to
the vermiculite problem (c.f., Meceting Summary for 4(f) Meeting,
May 5, 1980), such assessment activities should enter the PRL-2
stage of the PPA process without further consideration of 4(f)

applicability/criteria.



”?

'-

The Assessment Division will schedule a disposition meeting the
week of Jumme 9, 1980. This meeting will focus on the above
recanmendations and any issues and information needs (not
addressed in the PRL-1 report) that would influence an OTE
decision on whether (and how) to proceed in assessing this
chenical.

AD requests that technical comments on the PRL-1 report be
provided in writing by COB, Jwme 10, so these can be reviewed by
AD staff and, if necessary, discussed with the commentors before
the disposition meeting. Comments should be addressed to
Elizabeth Barrera of AD. The disposition meeting should focus on
what to do next, why, and how soon, not on a technical review of

the document.

‘cc:  C. Mapes

E. Barrera
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EXECUTIVE SUMMARY

Vermiculile, a micaceous, hydrated, magnesium-iron-aluminum
silicéte, has been mined in the United States since 1929.

W. R. Grace and bompany has been the major damestic suppiier of
vermiculite since 1958 and currently markets 80% of the
vermiculite used in the U.S. W.R. Grace & Company acknowledged
the presence of asbestos in the vermiculite from their Libby,
Montana mine in 1971, and in 1977, an EPA study reported the
presence of substantial amownts of asbestiform amphibole fibers
in the tailings (residues) from the Libby, Montana mining and
milling operations. After mining, vermiculite is processed to
remove;impurities: however, attempts to remove all contaminants
have bee;n unswecessful and tremolite asbestos remains as a |
contaminant in the vermiculite obtained from the Libby mine at a

concentration of at least 1%.

Vermiculite is distributed in commerce either as raw ore or in an
expanded (exfoliated) form. Crude, wmexfoliated vermiculite is
used in the manufacture of gypsum wallboards coatings, adhesives,
cinder blocks, and paper products. Exfoliated vermiculite is
used primarily in loose £ill and block insulation as thermal
insulators, in concrete aggregates, as a fertilizer carrier, in
‘horticulture and soil conditioning, and in premixed aggregates.
In 1977, about 21;000 long tons of crude vermiculite and 320,854
short tons of exfoliated vermiculite.were consumed in the U.S.;
the largest increases in vermiculite uses have been in loose fill

insulation and fertilizer.
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Worker exposures to asbestos-contaminated vermiculite can occur
during both ndnipg and processing of this substance. Additional
worker exposures to asbestos-contaminated vermiculite may occur
during use of thg material but are not addressed in this.
assessment. Although identified vermiculite mining and
frocessing companies insist that their employees gurrently are
exposed to asbestos levelé within the prescribed OSHA asbestos
workplace standard of 2 million fibers per cubic meter (2 f]cms),
available monitoring data indicate that workers have been exposed-
to asbestos fiber levels as high as 245 f/cm3. The average
workplébe exposure, however, may be considerably lower based on
ronitoring data for certain mining operations: 0.3 - 2.6 f/cm3
in ambient air surrounding the Libby, Montana mine; 0.6-1.8 f/cm3
for equipment operators; and 0. 2-5 £/crmd for employees in loading
areas., In addition to worker exposures, a substantial portion of
the general population also ié potentially exposed to asbestos-
contaminated vermiculite because certain consumer products (lawn
care products) may contain large quantitiesl(i.e., about 50%) of

vermiculite (Thompson 1979).

In December 1978, O.M. Scott & Sons submitted information to the
EPA regarding health problems experienced by employees who were
processing asbestos-contaminated vermiculite. The original
submission indicated that bloody pleural effusions had been
detected in 4 of 350 employees; symptomatology and clinical

findings in the employees were similar to those found in

iii



individuals with asbestos-related diseaées. Subsequent follow-up
studies by the Occupational Safety and Bealth Administration
(OSHA) revealed that the prevalence of health problems among
employees ét O.M. Scott & Sons was greater than originally
expected. Thirty-two cases of pleural and/or interstitial
abnormalities were detected by chest X-rays and/or spirometric

measurements (X-rays were taken for 125 of 221 workers).

Because there are no published reports on the health effects of .
either "pure" vermiculite (fibrous or nonfibrous) or asbestos-
contaminated Vermiculite, medical records of four Scott employees
that déyelqped pleu;al ébnormalities as well as data on the.
health effects associated with asbestos exposure (cancer and
aébestosis) were used to evaluate the potential risk to workers
who mine and process asbestos-contaminated vermiculite. EPA risk
estimates, based on asbestos exposure, project that 1 of every 10
workers exposed to 2 f/cm3 (or 1 of every 200 workers exposed to

0.1 f/cm3) for 50 years will die prematurely from an asbestos-

related disease.

In summary, there is evidence that asbestos is present in
vermiculite obtained from W. R. Grace & Company's Libby, Montana
mine and that the health problems experienced by the employees of
one processor of vermiculite from the Libby mine (0. M. Scott &
Sons) are comparable with those associated with asbestos
exposure. Risk estimates calculated for exposure to asbestos, at

fiber levels within the ranges reported for vermiculite mining
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and processing operations, suggest that asbestos-contaminated
vermiculite may pose a serious and widespread hazérd to
workers. Howevexr, in the absence_of data on exposure of
employees in other vermiculite mining and processing operations
or of asbestos contamination levels of vermiculite from other
sources, it is not possible to fully evaluate the risks to
workers in all vemmiculite industries. However, the extent of
exposure from vermiculite derived from the Libby mine is likely
to be large, considering that this source accounts for |

approximately 80% of the vermiculite used in the U.S.



I.

BACKGROUND

A.

Problem Identification. The Chemical Hazard

Identification Branch (CHIB) of the Assessment Division
in the Office of Pesticides and Toxic Substances‘(OPTS)
received informtion, in December 1978, from the
vermiculite industry indicating that four cases of
bloody pleural effusions of the lungs and one possible
case of asbestosis had been deﬁected among 350 employees
at the O.M. Scétt & Sons chemical fertilizer plant in
Marysville, Ohio. This plant uses vermiculite, some of
which is contaminated with tremolite asbestos, as a
substrate for its cammercial lawn care products (0.M.
Scott & Sons 1978). Subsegquent to its preparation.of a
priority Chemical Hazard Identification Profile (CHIP)
on vermiculite, CHIB, with the concwrence of the
Envirommental and Health Review Divisions, referred the
problem to the Chemical Review and Evaluation Branch
(CREB) for Priority Problem Assessment. The specific
problem to be evaluated was the potential risk of
asbestos-related diseases.among workers who mine and

process asbestos-contaminated vermiculite.

Mineralogy. Vermiculite is a micaceous, hydrated,

magnesium-iron-aluminum silicate with a lamellar (plate-
like) structure (Swensson 1975). This mineral, which is
related to and often associated with asbestos, has been -

referred to as zonolite (W.R. Grace & Company 1979),



VerxiteR (Hawley 1977) and phyllosilicate clay (Douglas
i977): it can be found in nonfibrous and fibrous forms
(Marshall 1977). Commercially, “vermiculite" includes
any micaceous mineral that can expand, regardless of its
chemical composition or the regularity of its crystal
structure (Brobst and Prat; 1973). Puwre vermiculite can
be expanded (exfoliated) up to 30 times its original
volume when heated to 1,000-2,000°F, though impure

varieties expand less (Otis 1959).

The world's largest verm;culite deposit is in Libby,
Montana. Other deposits, in order of significance to
the U.S. industry, are in the Palabora region of.
northeastern Transvaal, South Africa, South Carolina
(Inner Piedmont Province), Virginia (Blue Ridge
Province), North Carolina, and Georgia. Scattered
deposits also are located in Wyoming, Texas, Colorado,
California, Nevada, Arizona, Washington, and Oregon
(Brobst and Pratt 1973). Weathering processes may
result in the formation of other co-existing mineral
phases, predominantly hydréus, magnesium silicates
(anthophyllite, tremolite, serpentine and chrysotile
minerals) which occur as intergrowths, microscopic

nodules or discrete zones within or adjacent to

vermiculite.



The#e silicates can occur in nonfibrous and fibrous -
forms. The intergrowth of the fiber is such that even
extensive purification (beneficiation) may not yield a
pure pro_duct. Wnere the fine-grained intergrowths
oécur, the processed products will likely contain
residual tremolite (Rohl et al. 1977). Talc or
tremolite deposits may occur geoiogically in such close
juxtaposition to chrysotile or other ore bodies that
contamination of talc or tremolite with serpentine,
doloﬁite, magnetite, pyrophyllites and clays may occur
(Schepers 1965). This has been shown to be true of the

Libby, Montana mining site (Eaton 1979).

An electron microscopic analysis by OSHA of vermiculite
- samples from the Libby, Montana, mine revealed the
presence of tremolite asbestos (Dixon 1980).

Substantial amounts of asbestiform amphibole fibers also
have been found in tailings (residues) from the Libby
mine (Stewart 1976). In addition, the proposed Big
Springs, Virginia vermiculite mine was found to be

contaminated with asbestos (Hamer 1977).

Vermiculite from the Palabora, South Africa, mine also
has been analyzed using electron microscopic

technigques. Data from these studies (Chatfield and
Lewis 1979, Wisenbaker and Arnold 1976) show no positive

identification of asbestos in the samples of raw or



eifoliated vermiculite from the Palabora mine. Some
fiver-1like haterial, morphologically similar to
chrysotile asbestos fibers, was examined and found to be
more likely fragments of vermiculite "scrolls" which
occur in vermiculite flakes. The authors reported
concentrations of 1.3 ppm,.o.s ppun and 0.2 ppm for this
fibrous material intercalated between flakes of raw
vermiculite, from raw vermiculite dust, and from
exfoliated vermiculite, respectively. No amphibole
asbestos (detection limits 0.8 ppm in intercalated
samples and 0.007 ppm in dust) was observed. Thus,
evidence to date suggests that the Palabora, South

" African mine is essentially free of asbestifomrm fibers

and has low concentrations of other fibrous materials.

Monitorigg and Measur ing Asbestos Contamination. The

current OSHA limit on. occupational exposure to asbestos
fibers is an 8-hour time-weighted average of 2 fibers
per milliliter (2 million fibers per cubic meter, 2
f/cm3), no longer than S micrometers with a length-to-
width ratio of at least 3:1 detected by a method using
phase contrast (optical) microscopy (OSHA 1972). A
disadvantage in using phase-contrast optical microscopy,
rather than the higher resolution electron microscopy
(which is more time-consuming and expensive), is that it
is not possible to count all the fibers in a given

sample. Additionally, it is not always possible to
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distinguish between asbestos and other fibers using

optical microscopy.

Personal and environmental monitoring samples were taken
aﬁd analyzed at the O.M. Scott & Sons, Marysville, Ohio .
plant and at the W.R. Grace &‘Company's Libby, Montana
mine, using the standard optical microscopy method
described above (0.M. Scott & Sons 1978, W.R. Grace &
Company 1979). Although the submissions from both
compénies refer to measured fiber levels as asbestos
fiber levels, it is importaht to note that fibers other

than asbestos (e.g., vermiculite or other mineral

_ fibers) may have been cowmted in the samples anélyzgd by

these companies. This statement is based on the
ﬁdllowing factors: vermiculite occurs in fibrous and
nonfibrous forms; electron microscopic analyses were
used only occasionally to evaluate and identify the
fibers in the samples; and no fiber size distribution

was done on the "asbestos"” found in the vermiculite

samples.

Historical Background. Vermiculite has been mined in

the United States since 1929 (Brobst and Pratt 1973).
W.R. Grace & Company has accounted for the majority of
the vermiculite supplied in the United States since
1958, and currently markets 80% of the vermiculite in °

the U.S. (Eaton 1979). W.R. Grace & Company



aéknowledged the presence of asbestos in the vermiculite
from their tibby, Montana mine in 1971 (Hamer 1977),
and in 1977, an EPA study reported the presence of
substantial amownts of asbestiform amphibole fibers in
the tailings (residues) from the Libby mining and

milling- operation (Stewart 1976).

For the past twenty years, O.M. Scott & Sons has
received at least 50% of their vermicuiite from’the
Libby mine and the remaining 50% from the Palabora
Mining Company, South Africa (0.M. Scott & Sons 1978).
Previous asbestos exposure levels in the trionizing area
" were reportedly 100 times the current OSHA workpiace
standard of 2 million fibers per cubic meter, however,
the advent of better control technology (e.g., erection
of a wall separating departments, enclosed conveyors,
equipment, and machinery plus fhe use of respirato;s)
has substantially lowered the fiber levels (0.M. Scott &

Sons 1978).

In 1978, O.M. Scott & Sons submitted information
indicating that four cases of Bloody pleural effusions
of the lungs and on possible case of asbestosis had been
detected at their chemicél fertilizer plant. Soon after
the health problems at 0.M. Scott & Sons were reported,
OSHA initiated a preliminary medicql investigation

(chest X~-ray examinations) of the Scott employees which



.revealed an additional 32 cases of pleural abnomalities
o} varying degrees (Brooks and Smith 1979). Studies
have shown that not only are pleural effusions an
indication of ; toxic effect in the lungs or surfounding
tissue, they also are a typical reaction to asbestos
exposure (Preger 1978). Bloody pleural effusions can be
an early sign of pleural mesothelioma in humans
occupationally exposed or para-occupationally exposed to

asbestos (Selikoff 1978).

The asbestos contamination of vermiculite and health

problems related to asbestos exposures have received

‘ considerable attention from the Federal sectorAdurihg
the past three years. Pertinent past and ongoing

activities are summarized below.

1) Upon reviewing a request for a planned vermiculite
mining site in Big Springs, Virginia, EPA received
information that asbestos was present in that

particular vermiculite deposit (Hamer 1977).

2) The Consumer Product Safety Commission (CPSC)
considers vermiculite subject to inadvertent

asbestos contamination and, together with EPA, has



3)

4)

published in the Federal Register an Advance Notice

of Proposed Rulemaking, stating their intention to
coordinate efforts with EPA to control human

exposure to asbestos (CPSC 1879).

EPA's Office of Air Q;ality Planning and Standards,
Research Triangle Park, North Carolina, is
evaluating new source performance standards on 18
minerals under Section 111 of the Clean Air Act
(Public Law 91-604) to limit air emissions of
vermiculite dust in crushing operations (Chaput

1979).

The asbestos in vermiculite is regulated by the
Occupational Safety and Health Administration's
(0SHA) Standard for Exposure to Asbestos Dust (37
FR 11318, Jwme 7, 1972; 29 CFR Part 1910). This
standard states that the 8-hour, time-weighted
average (TWA) airborne concentrations of asbestos
fibers to which any employee may be exposed shall
not exceed 2 million fibers (longer than S
micrometers) per cubic meter of air. OSHA is
further investigating the occurrence of asbestos-
related diseases in workers handling vermiculite at

O.M. Scott & Sons (Alexander 1978).



II.

EXPOSURE ANALYSIS

A.

Production and Use. Vermiculite has a variety of

physical properties that make it suitable for many
different uses. It consists of thin, flat, mica flakes
containing microscopic droplets of water. VWhen the

crude mineral is heated, its water of crystallization

.vaporizes and is trapped between the flakes. This

causes the vermiculite to exfoliate and beccme light-
weight (Swensson 1975). These special properties make
it a prime candidate for the uses described in this
section. Crude, wmexfoliated vermiculite is used in the

manufacture of gypsum wallboard, coatings, adhesives,

" cinder blocks and paper products {cardboard) for

insulation purposes. It is also used as a plastics
extender and as an ion-exchange agent in wastewater

treatment (Haines 1977).

In 1977, approximately 21,000 long tons of crude
vermiculite were consumed in the U.S. As shown in
Table 1, 320,854 short tons of exfoliated vermiculite
were used in 1977, primarily in loose f£ill insulation,
in concrete aggregates, in block insulation, as a

fertilizer carrier, in horticulture and soil condition-

ing, and in premixed aggregates (e.g., for acoustic and



Table 1. Distribution of Exfoliated Vermiculite Sold or Used in 1975-1977
1975 1976 1977
Application Short Percent Short Percent Short Percent
tons of total tons "of total tons of total
' Aggregates: .
Concrete 75,000 32 67,706 25 65,920 21
Plaster 4,000 1l 3,099 ) 3,599 1
Premixes® 38,000 17 39,448 15 30,130 _9
Subtotal 117,000 50 110,253 41 99,649 31
Insulation:
Loose f£fill 39,000 16 39,058 14 74,900 23
Block 35,000 15 39,310 15 50,980 16
Packing —— == 390 - 168 -
Subtotal 74,000 31 78,758 29 126,048 39
Agriculture: .
Horticulture
and soil
conditioning 31,000 13 36,379 13 40,780 13
Fertilizer b
carrier 7,000 _3 37'4501 14 47,580 15
Subtotal 38,000 16 73,829 27 88, 360 28
Miscellaneous: 6,000 3 7.334 3 6,797 2
Total 235,000 100 270,174 100 320.854 100
Source: Haines 1977.

Includes vermiculites used in premixes for acoustic and fireproofing
purposes, decorative textures, moisture sealants, etc.

b Revised.



fireproofing purposes, decorative textures and moisture
setalants). The largest increases in use have been in
the loose fill insulation and fertilizer carrier lines

(Haines -1977).

Potential Occupational Exposure. Asbestos contamination

of vermiculite deposits is dependent on the geological
setting of the deposit. Where asbestos is found as a
contaminant in a vermiculite deposit, exposure to both
asbestos and vermmiculite may occur during mining and
processing of the vermiculite._ There are no federal

standards or limits on exposure to vermiculite per se;

' however, the tremolite asbestos-contahﬂ.nated vermiculite

mining and processing operations are subject to the same
regulations as those applied to the mining and milling

of conmercial asbestos.

Exposure During Mining.* Vermiculite is obtained by

strip-mining techniques using heavy earth-moving
equipment. 1In the past, mining employees have been
exposed to asbestos-containing fiber levels in excess of

the current OSHA standard of 2 f/cm3 (W.R. Grace &

The data on worker exposures during mining, processing-
beneficiation and screening are from the submissions of W.R.
Grace & Company which markets 80% of the vermiculite in the

uU.s.
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Company 1979).% cCurrent levels in the ambient air
éurroundiné the Libby, Montana mine range from 0.3 to
2.6 f/cm3 (W.R. Grace & Company 1979). Equipment
operator levels, lower today than in the past because of
the use of enclosed equipment and machine.ry, range from
0.6 to 1.8 f/c':m3 (W.R. Gra;:e & Company 1979). After
mining, the vermiculite ore is put into sealed
containers and transported to the beneficiation

(purification) plant.

Exposure During Processing.

Beneficiation: During beneficiation, impurities in the

raw vermiculite ore are physically separated by
screening and washing. Before 1959, vermiculite ore was
beneficiated by dry methods in which screens, direct-
fired dryers, meumatic tables, and air separators were
used. To reduce the .dust leveis to which employees were
exposed, these methods were replaced by a "wet" process |
in which adhering clay and other impurities are removed
by washing. The nonexpandable, very fine fibrous and
nonfibrous forms of vermiculite are removed by a rock-
rejection procedure, and the ore is then concentrated

and dried. Attempts to remove all contaminants from the

vermiculite have been unsuccessful and, tremolite

* The current asbestos OSHA workplace standard of 2 £/cm3 is
used for comparative purposes only. The reader should note
the existing health risk at this level of asbestos exposure

(see page 21).
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asbestos remains as a contaminant in the vermiculite
obtained from the Libby mine at a concentration of at

least 1% (W.R. Grace & Company 1979).

Screening: At the screening plant, the wmexfoliated
vérmicuiite ore is separated into five sizes, pgckaged,
loaded onto railroad cars and sent to distributors, vho
either exfoliate it or sell the concentrate as is.
Available data show that the raw vermiculite ore is
mined, beneficiated, and screened in Montana and/or
South Africa and shipped to expanding (exfoliation)
plants such as 0.M. Scott & Sons in Marysville, Ohio.
Employees in the loading area are exposed to fiber

levels that range from 0.2 to 5 f/cm3 (W.R. Grace &

Company 1979).

Trionization process:* g ,tt has been using the

trionizing process to manufactue its lawn care products
for 20 years. In these products, vermiculite is an ihert
carrier for fertilizer chemicals or fertilizer plus
pesticide chemicals. First, the ore is exfoliated with
heat so that its layered structwe unfolds in an
accordion-like manner. This creates a greater surface
area to which the chemicals can adhere. ' The exfoliated
vermiculite usually is stored before the chemicals are

added. After the chemicals are added, the material is

* The remainder of the processing section consists of data

related specifically to operations performed at O.M. Scott &

Sons.
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packaged. Before 1976, employees working near or in the
wmloading area (vhere the mexfoliated ore was dumped
from railroad cars) were exposed to asbestos fiber
levels éignificantly above the 2 f/cm3 OSHA standard;
levels as high as 245 f/cm? were reported (O.M. Scott &
Sons 1978). The wnloading area was not separated from
the trionizing area. 1In 1976, a wall was erected
between these areas and enclosed conveyors were
installed to transport the ve:miculite, measures that
reportedly have significantly lowered the fiber levels

(0.M. Scott & Sons 1978).

‘ Packaging: Sampling for total and respirable dust and
total fibers (including asbestos) in the packaging area
showed thgt levels are below 2 f/cm3 vhen the bagging
equipment and dust collecting equipment are working

properly (O.M. Scott & Sons 1978).

Maintenance: Workers are exposed to the highest dust

levels vhen the emissions control equipment, e.q.,
baghouse, air collecting féns, and ventilation systems,
is being repaired. Although exposure levels during
repair operations depend on the extent of the repair,
and the housekeeping practices of the plant, they tend
to be above the 2 f/cm3 OSHA standard. Some plants which
utilize vermiculite in their product are known to have

"peak" seasons when production increases because of the

14



demand for the product. Maintenance of equipment and
the frequency of repairs also may increase during this
time, resulting in increased exposure of workers to

asbestos (0.M. Scott & Sons 1978).

Disposal: Any fine dust generated during»processing-ié
washed into a wastewater stream that is recycled into
the plant (0.M. Scott & Sons 1§78). Water is employed
in the wet milling operation as well as for carrying the
mineral tailings to settling ponds. Local sources near
the Libby mine supply the water, but the system is
closed and there is no drainage into nearby streams §r
rivers (O.M. Scott & Sons 1978). Coarse tailings mixed
with water are poured downhill into the first of two

settling ponds where they are contained (Stewart 1976).

III. HEALTH EFFECTS

The identified health effects associated with exposure to
vermiculite can be attributed to its asbestos contaminant.
However, there is also the pbssibility that the presence of
fibrous vermiculite and other fibrous materials may have
enhanced the health problems. Epidemiologic research has
identified céncers of the lung, pleura, peritoneum, larynx,
oral cavity, esophagus, stomach, colon and kidney as hazards
of asbestos exposure. Inhalation of asbestos also produces a

noncancerous lung disease (asbestosis).
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Dose-response relationships (increasinglrisk with increasing
asbestos exposure) have been shown for lung cancer (Newhouse
and Berry 1979), pleural and peritoneal mesothelioma (Hobbs
et al. 1979), larynx cancer (Rubino et al. 1979), stomach
cancer (Hammond 1979) and asbestosis (Liddell 1979). Support
for a linear nonthreshold model of dose-response is provided
by two studies of respiratory cancer (McDonald and Liddell
1979, Henderson and Enterline 1979) and one study of pleural
mesothelioma (Hobbs et al. 1979) among asbestos workers.
Three studies also exist which are consistent with a similar
dose-response relationship between asbestos exposure and the
‘risk of asbestosis (Liddell 1979, McDonald 1979, Berry et &al.

1979).

These dose-response studies are supported by evidence of
health effects resulting from relatively low levels of
asbestos exposure. Workers exposed to asbestos for the
equivalent of 5 years at the current workplace standard‘of 2
million fibers pér cubic meter exhibit increased lung cancer
risk. Mesothelioma, "a marker disease" (disease that is
always, or nearly always, caused by a particular agent) for
asbestos exposure, has occurred in persons with exposures as
brief as one or two days and in persons with steady exposures
as low as those found in the homes of asbestos workers and in
the neighborhoods around asbestos mines, asbestos product
factories, and shipyards. Signs of asbestosis also have been

detected (by X-ray) among persons sharing households with
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asbestos workers actively employed for less than a year
(Andegson et al. 1979). The occupational studies consistent
with the linear nonthreshold dose-response model and the
studies showing risks at exposure levels lower than those
found in the workplace support the conclusion that asbestos
exposure in the environment may be expected to produce '

adverse health effects.

There.are no published reports on the health effects of
either vermiculite alone (fibrous or nonfibrous) or
vermicuiite contaminated with asbestos. Therefore, .the
ﬁo{;owing discussion is based on the mediqal records of the

four Scott employees that developed pleural abnormalities.

The possible adverse effect of exposure to asbestos-
contaminated vermiculite was reported to the EPA in December,
1978, when 0.M. Scott & Sons submitted information which
stated that bloody pleural effusions (the presence of bloody
fluid in the pleural space) had been detected in.4 of its 350
‘employees (0.M. Scott & Sons 1978). The pleural changes
reported among these employees were similar to those observed
among persons chronically exposed to asbestos minerals
(chrysotile, amphiboles) or to geologically related minerals
(mica, talc)'(Preger 1978). The symptomatology and clinical
findings in the four employees also are similar to those
found in individuals with asbestos-related diseases (Preger

1978).. The four employees reported symptoms such as cough,
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fatigué, dysmea (shortness of breath), sweating, chest pain,
hypotension, coryza (inflamed rwmning nose), and a loss of
appetite. Chest X-rays revealed the presence of fibrosis and

pleural effusions.

Asbestos~related pleural effusions are difficult to diagnose
because of the lack of attehtion thaﬁ this manifestation of
asbestos exposure has received. Even more difficult to

di agnose are benign asbestosAeffusions. Up to 1977, only 50
cases of this asbestos-induced pleﬁrisy had been diagnoéed in
the world. A common presenting feature is chest pain associ-
ated with moderate pleural effusion; the initial component in
thfée of the four Scott employees. Recurrence of the

effusion may occur (Preger 1978).

The interval between first asbestos exposure and the onset of
disease is approximately ?0 to 40 years, however, there are
reported cases of intervals varying from 3.5 to 53 yeafs
after first exposure (Selikoff 1978). The occurrence of the
four bloody pleural effusions was apparent in the Scott

employees after 4~12 years of employment (0.M. Scott & Sons

1978).
The presence of bloody pleural effusions of the lung is an

advanced stage of pleural disease with treatment ranging

from, and including, thoracocenthkesis (a surgical procedure
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performmed to alleviate the pressure in the pleural cavity due
to the increased amowmnt of fluid) to pleurotomy (surgical

incision of the pleura with scraping).

Although the amount of pleural fluid vhich can be removed in
a healthy subject by thoracocentesis is 15 ml, no less than
50 ml and as high as 700 ml of bloody pleural fluid were
removed from the four Scott employees (O.M. Scott & Sons
1978). Chest X-rays reveal that such effusions also may be
accompanied by asbestosis (meumoconiosis caused by
inhalation of sufficient asbestos fibers to cause }ung
scarring), hyaline or calcified pléurgl plaques, and/or an
'exaaative pPleural rind (Preger 1978). Lung scarring has been
noted in employees of W.R. Grace & Company (suppliér for 0. M.
Scott & Sons), howevér, no evidence of disease in the Grace

employees has been reported (Eaton 1979).

In January 1979, OSHA took chest X~-rays and spirometric
measurements of 108 of the 221 Scott workers employed in the
trionizing, packaging, and maintenance departments, areas
where tﬁe four afflicted workers had been employed. The most
recent X-rays of 17 additional trioniziqg workers were
obtained from the company's medical files and similarly
reviewed and classified, thus, a total of 125 employee X-rays
were reviewed. Thirty-two of the 125 X-rays were abnommal.
The overall prevalence of pleuwral and/or interstitial

abnomalities were found in 16 of the 41 trionizing workers
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that wére examined; 7 of the 32 maintenance workers; and 9 of
the 55 packagin§ workers. The proportion of these
abnormalities increased with duration of employment for all
departments.” The proportion of abnormalities also increased
with age (Brooks and Smith 1979).

-

RISK EVALUATION

The high levels of asbestos fibers and the recent disclosure
that the employees of O.M. Scott & Sons who handle asbestos-
contaminated vermiculite have existing health problems
suggest the possibility of a larger problem, e.g., fisks to
emgloyees handliné similar asbestos-contaminated vermiculite
and to consumers exposed to products that contain asbéstos~

contaminated vermiculite.

Since 1956, Scétt employees handling non-expanded vermiculite
ore have been chronically .exposed (continuous exposure to
small amounts of contaminant over a long period) to asbestos
(0.M. Scott & Sons 1978 and W.R. Grace & Company 1979) and
Scott employees handling the expanded vermiculite ore have
occasionally been acutely exposed (such as the exposure
encountered by the workers in the trionizing area where
measured asbestos exposure levels have been as high as 245

f/cm3) to asbestos (0.M. Scott & Sons 1978).
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Although the identified vermiculite miners and processors

(W.k. Grace & Compan} and O.M. Scott & $ons) insist that the
asbes?os exposure levels are curreﬁtly within the prescribed
OSHA ésbestos workplace standard of 2 f/cm3 (2 million fibers
per cubic meter), current EPA risk estimates project that 1

of every 10 workers exposed to this level of asbestos for 50

years will die prematurely from an asbestos-related disease

(OTE 1980).

Using the asbestos exposure levels reported for W.R. Grace &
Compahy and 0.M. Scott &.Sons employees and the linear
nonthreshold model® one can derive risk estimates for workers
handling asbestos-contaminated vermiculite. In the mining
and screening of asbestos-contaminated vermiculite the
workers are exposed to at least 0.1 f/cm3. TFor a 50 year
exposure at this level, 1 in 200 workers will die prematurely
of an asbestos-related disease. Thus, vhether the workers
handling asbestos-contaminated vermiculite are exposed to 0.1
£/cm3, 2 f/cm3, or 100 times the OSHA workplace standard
(e.g., in the trionizing department workers have been exposed

to asbestos levels as high as 245 f/cm3), there is potential

‘for significant risk to workers handling asbestos-

contaminated vermiculite.

The linear nonthreshold model is being used by the Office of
Testing and Evaluation/EPA to provide risk estimates in
accordance with EPA Interim Guidelines for Carcinogenic Risk
Assessment (41 FR 21402, May 25, 1976) and the Interagency
Regulatory Liason Group's guidance (44 FR 39858, July 6,

1979).
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Although such estimates indicate the potential magnitude of
the he§1th risk to workers handling asbestos-contaminated
vermiculite, particularly those employed by W.R. Grace &
Company and O.M. Scott & Sons, the extent of the risk
associated with vermiculite mining-and processing operations,
in generai, cuwrrently cannot be similarly evaluated for

several reasons, These reasons are:

1) Information is available with respect to 600 employees
(150 0.M. Scott & Sons employees and 450 W.R. Grace &
Company employees) who mine and process asbestos-
contaminated vermiculite from the Libby, Montana mine.

;.Eor an indepth evaluation of risk, information also is
needed on the number of employees'exposed at the other
expanding plants to vwhich W.R. Grace & Company
distributes, the content of aSbestosvin other
vermiculite deposits (e.g., South Carolina,'virginia,
Georgia and North Carolina) and the number of mining and
processing employees exposed to vermiculite from these

sources, if asbestos-contaminated.

2) The concentration of asbestos and the size distribution
of the fibers in the asbestos-contaminated vermiculite
to which workers are exposed must be better quantified

for a detailed risk assessment.



3)

The following factors suggest that the health effects
éeen in the Scott employees are caused by the asbestos
in the vermiculite: a) asbestos is present in the
vermiculite from the W.R. Grace & Company's Libby,
Montana mine; b) the health problems observed among the
O.M. Scott & Sons employees are comparable with those
health problems associated with asbestos (bloodf pleural
effusions); c¢) there is no evidence to indicate that
the health effects the workers are experiencing are not
asbestos-related; and d) the fiber levels nonitored at
vermmiculite mining and processing plants were.equal to
or greater than the OSHA workplace standard for asbestos
exposure (2 million fibers per cubic meter). However,
the possible fibrous nature of the vermiculite, other
fibers in the material or a cambination of asbestos and
other fibers may contribute to the observed health
effects. For purposes of a gquantitative risk assessment
of vermiculite, the identity of other fibers and their
contribution to the health problems would require
elucidation. However,.ﬁar a risk assessment on
asbestos-contaminated vermiculite, the causative agent

can be assumed to be asbestos.
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RECOMMENDATIONS

The recammendations presented below are based on the

potent;ial degree of risk of asbestos-related diseases among

workers who mine and process asbestos-contaminated vermicu-

lite and the adequacy of the available data on vermiculite

for continuation of assessment activities.

Initiate data gathering activities. Most of the

exposure infommation currently available is specific to
the Libby, Montana mine which supplies 80% of the
vermiculite that W.R. Grace & Company distributes in the
U.S. This particular mine is known to be contaminated

with asbestos and to supply 50% of the vermiculite used

by O.M. Scott & Sons. However, other sowrces indicate

that the Palabora Mine in South Africa (from which 0.M.
Scott & Sons obtains the remaining 50% of its
vermiculite) may not be asbestos contaminated. The
possiblity of asbestos contamination in other major
vermiculite supplies, and the number of processors that
these mines distribute to, are unknpwn. Therefore, to
fully assess the degree of risk to workers who mine and
process asbestos—-contaminated vermiculite,A‘the following

information is needed:

1) identification of all major vermiculite deposits
that contain asbestos and quantification of the

asbestos content of these mineral deposits;



2) the vermiculite processors supplied by these mines;

3) the total number of employees exposed to asbestos-

contaminated vermiculite in the vermiculite

industry; and

4) personal and environmental monitoring data on the

asbestos levels at the various vermiculite mining

- and processing sites.

Previous monitoring data and health records of employees

exposed to asbestos-contaminated vermiculite, if avail-

" able, also are of importance in determining whether an

exposed population is still at risk and in detemining

and ruling out causative agents.

Expand data gathering activities and future assessment

activities to evaluate the risk of asbestos—~related

diseases among consumers using products that contain

aébesﬁos—éontaminated vermiculite. Because certain

consumer products contain large quantities of
vermiculite {(e.g., wallboard and lawn care products),
asbestos-contaminated vermiculite may pose a risk to the
general population. Representatives of W.R. Grace &

Company, for example, have reported that improper
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handling of certain products, suwh as wallboard could
fesult in exposure to asbestos fibers above the current

OSHA asbestos workplace standard of 2 f/cm3 (Eaton

1979). -

Specific information needed in this area includes:
1) the levels of asbestos contamination remaining in

vermiculite after mining and processing;

2) identification of consumer products that contain
vermiculite and quantification of the asbestos

contamination in these products; and

3) information on the production and sales volumes of

these products.

Initiate pre-regulatory control options analysis. The

available data indicate that workers who mine or process
vermiculite from W.R. Grace & Company's Libby, Montana

ﬁdne are exposed thereﬁy to asbestos levels that present
a significant risk of serious asbestos-related diseases.
Even in the absence of complete information on the size
and exposure (risk) levels of this worker population, a

preliminary analysis of the regulatory control options

26



should be performed to help focus the type and depth of
éisk assessment activities that would be needed to

support any regulatory action on this problen.

Defer additional assessment activities until the control

options analysis and/or data gathering activities are

completed.

27



VI.

REFERENCES

Alexander V. Medical officer, Directorate of Technical
Support, Occupational Safety and Health Administration

(OSHA), Washington, DC. 1979. Personal communication.

Anderson HA, Lilis R, Daum S, Selikoff IJ. 1979. Asbestosis
among household contacts of asbestos factory workers. Ann NY

Acad. Sci. 330:387-399.

Berry G, Gilson JC, Holmes S, Lewinsohn HC, Roach SaA. i979.
Asbestosis: a study of dose-response felationships in an
asbestos textile factory. Br. J. Ihd. Med. 36:98-112.

;.
Brobst DA. and Pratt WP. 1973. Uhited States Mineral
Resources Geological Survey Professional Paper 820 U.S.
Government Printing Office, Washington, DC. Bookstore Stock

Number 2401-00307.

Brooks SM, Smith AB, University of Cincinnati. 1979.
Analysis of chest x-ray and pulmonary function data among
workers employed at Scott Chemical Company. Report sent to

O.M. Scott & Sons, Marysville, OH pp. 6.

Carton RJ. December 8, 1978. Asbestos:sources/effects
review (phase I report). Washington, DC: Office of Toxic

Substances, U.S. Envirommental Protection Agency.

28



Carfon RJ. 1979. Memorandum to E. Barrera on conclusions
from 12/11/79 meeting with W.R. Grace, OSHA, MSHA, and CPSC
on vermiculite. Washington, DC: Office of Pesticides and

Toxic Substances, U.S. Environmental Protection Agency.

Chapu£ L. Environmental Protection Specialist Standards
Development Branch, Office of Air Quality Planning and
Standards U.S. Environmental Protection Agency, Research

Triangle Park, N.C. 1979. Personal communication.

Chatfield EJ, Lewis GM. 1979. Examination of vermiculite
for the presence of asbestos fibers. Mississauga, Ontario;

L5K]183: Ontario Research Foundation. Report No. 22056-2.

pPp. 29.

Consumer Product Safety Commi ssion (cpsC) and Environmental
Protection Agency (EPA), 1979. Commercial and Industrial Use
of Asbestos Fibers and Consumer Products containing asbestos.

Fed. Regist., October 17, 1979, 44(202)60056.

Dixon W. Supervisory Chemist in Microscopy Electron
microscopist, Occupational Safety and Health Administration
(OSHA) salt Lake City, Utah. 1980. Personal communication.
Douglas LA. 1977. Vermiculites. Soil Sci. Soc. Am. 27:259-

292.

29



Eaton F. Environmental Coordinator, W.R. Grace & Company,

Canbr idge, MA. 1979. Personal commwumication.

Haines SK. 1977. Vermiculite. 1In: Minerals yearbook.

U.S. Bureau of Mines. Washington, DC: U.S. Government

Printing Office.

Hammond EC, Selikoff IJ, Seidman H. 1979. Asbestos

exposure, cigarette smoking and death rates. Ann NY Acad.

SCit 3303473"4900

Hamner RW¥. 1977. Letter to J. Swinnea, Farmers Home
Adn&pistration on vermiculite. Washington, IC: Office of

Federal Activities, U.S. Environmental Protection Agency.

Hawley GG, Ed. 1977. The Condensed Chemical Dictionary, 9th

edition. New York: Van Nostrand Reinhold Company.
Henderson VL, Enterline PE. 1979. Asbestos exposure:

factors associated with excess cancer and respiratory disease

rmortality. Ann NY Acad. Sci. 330:117-126€.

30



Hobbs MST, Wéodward S, Murphy B, Musk AW, Elder JE. 1979.
The incidence of meumoconiosis, mesothelioma and other
respiratory cancer in men engaged in mining and milling
crocidolite in Western Rustralia. Paper presentéd at the
symposium on the Biological Effects of Mineral Fibers held on
25-27 September 1979. Sponsored by the International AgenEy

for Research on Cancer, Lyon, France.

Hunnter B, Thomson C. 1973. Evaluation of the tunorigenic
potential of vermiculite by intrapleural injection in rats.

Br. J. Ind. Med. 30:167-173.

Lidhell FDK. 1979.. Latent periods in lung cancer mortality
in relation to asbestos dose and smoking habit. Paper
presented at the symposium on the Biological Effects of
Mineral Fibers held on 25-27 September 1979. Sponsored by
the International Agency for Research on Cancer, Lyon,

France.

Marshall CE. 1977. The physical chemistry and mineralogy of

soils. Vol. II. Soils in place. New York: J. Wiley and

Sons.

McDonald JC, Liddell FDK. 1979. Mortality in Canadian

miners and millers exposed to chrysotile. Ann NY Acad. Sci.

330:1-9.

31



National Institute for Occupational Safety and Health

(NIOSH). 1976. - Revised recanmended asbestos standard.

USDHEW (NIOSH). Publication N. 77-169.

Newhouse ML, Berry G. 1979. Patterns of mortality in

asbestos workers in London. Ann NY Acad. Sci. 330:53-60.

Occupational Safety and Health Administration (OSHA). 1972.
Occupational safety and health standards. Standard for
exposure to asbestos dust. Fed. Regist., Jwme 7, 1972, 37

11318, 29 CFR Part 1910.

o.ﬁa Scott & Sons, Marysville, OH. Received December 8,
1978, and February 1, 1979. Two letters of information sub-
mitted to Chemical Hazard Identification Branch Washington,
U.S. Environmental Protection Agency. EPA Document Control

No. FYI-OTS:128-0017.

OTE (Office of Testing and Evaluation). June 1980. Techni-
cal support document for regulatory action [TSCA: section
6(a)] against friable asbestos-containing materials in school
buildings. Washington, DC: Office of Pesticides and Toxic

Substances, U.S. Environmental Protection Agency. Draft

report.

32



Ootis, IM. 1959. Vermiculite. Mineral Facts and Problems,

Anni. :E4A. Washington, DC. U.S. Bureau of Mines:949-95S5.

Preger L, Arai DT, Kotin P, Weill H, Werchick J. 1978.

Asbestos Related Disease. New York: Grwne & Stratton.

Rohl AN, Langer AM, Selikoff IJ. 1977. Consumer Talcums and
Powders: Mineral and Chemical Characterization. Study
supported by National Institute of Environmental Health

Sciences, ED 00928.

Rubino GF, Piolatto G, Newhouse ML, Scansetti G, Aresini GA,
Murray R. 1979. Mortality of chrysotile asbestos workers at

the Balangero Mine, Northern Italy. Br. J. Ind. Med. 36:187-

194.

Schepers GWH. 1965. The effects of inhaled talc mining dust

on the human lung. AMA Archives Indust. Health, 12 p. 182.

Schroeder HY. 1970. Vermiculite. Mineral Facts and
Problems. Washington, DC: Bureau of Mines:1283-1291,

Bulletin 650.

Selikoff I, Lee DK. 1978. Asbestos and disease. New York:

Academic Press, p. 250.

33



étewart IM, Putscher RE, Humecki HJ, Shimps RJ. Asbestos
Fibers in Discharges from Selected Mining and Milling
Activities -~ Final Report, Part IIXI. 1976. The impact of
point and nop-point sowces on levels of water borne
asbestos. Washington, DC: U.S. Environmental Protection

Agency. EPA 560/6~-76-020. .

Swensson A. 1975. Experimental investigations on the fibro-
genetic effects of the mica mineral vermiculite, work and
health. Scientific pamphlet series 1975:11: The Worker-

Protection Department.

Thohhpson J. Technical Information Specialist/Biological
Scientist Consumer Product Safety Commission (CPSC),

Washington, D.C. 1979. Personal canmunication.

Wisenbaker RS, Arnold RW. 1976. Analysis of Crude Vermicu-
lite. Atlanta, Georgia: Atlanta Testing and Engineering:
American Vermiculite Corporation, pp. 24. Job number 2273,

lab number 55019 B.

W.R. Grace & Company, Cambridge, MA. Data from Grace
Construction Products Division submitted to E. Barrera at
12/11/79 meeting on vermiculite. Washington, D.C. Office of
Pesticides and Toxic Substances, U.S. Environmental

Protection Agency.

34



BIBLIOGRAPHY"

Ahlmark A. 1968. Pneumoconiosis risk in the Swedish pottery
industry health conditions in the ceramic industry. Proceed~-
ings of an international symposium. Davies C, ed. Oxford,

England: Pergamon Press, pp--45—51.

Block J. 1977. Chemically exfoliated vermiculite for removal

of phosphate from wastewater. Washington, DC: Federal Water

Quality Administration, U.S. Department of the Interior.

Berry JP, Henoc P, Galle P, Pariente R. 1976. Pulmonary
mineral dust: a study of ninety patients by electron micro-
coéy, electron microanalysis, and election microdiffraction.

Am. J. Pathol. 83(3):427-456.

Campbell WJ, Steel EB, Virta RL, Eisner MH. 1977. Selected
silicate minerals and their asbestiform varieties. Minera-
logical definitions and identification--characterization.
Washington, DC: U.S. Bureau of Mines, U.S. Department of the

Interior, pp. 56. Report of Investigations 8751.

Campbell WJ. 1979. Relationship of mineral habit to size
characteristics for tremolite cleavage fragments and fibers.

Washington, DC: U.S. Bureau of Mines, U.S. Department of the

Interior, pp. 18. Report of Investigations 8367.

35



éhemical Week 1979 Buyers' Guide Issue. October 1978. New

York: , McGr aw-Hill.

Clifton RA. 1979. Mineral commodity profiles: asbestos.

Washington, DC: U.S. Bureau of Mines, U.S. Department of the

Interior, pp. 18. .

Cody J. Technical Director, Vermiculite Association and
American Vermiculite Company, Atlanta, GA. 1979. Personal

canmn-ication.

U.S. Department of Health, Education, and Welfare. 1978.
' As‘b:e_stoss An information resource. Levine RJ, ed. DHEW

Publication No. (NIH) 78-1681.

Gillam JD, Dement JM, Lemen RA, Wagoner JK, Archer VE, Blejer
HP. 1976. Mortality patterns among hard rock gold miners
exposed to an asbesti form .mineral. Ann. NY Acad. Sci.

271:336-344.

Kajita A et al. Hayashi, H. Mashiko S. 1972. An autopsy
case of mixed dust pneumoconiosis. Acta Pathol. Jpn.

22(4):739-753.

Kiviluoto R. 1960. Pleural calcification as a roentogeno-
logic sign of non-occupational endemic anthophyllite

asbestosis. Acta Radiol. Suppl. 195:1.°

36



Kover FD. 1976. Asbestos: a review of selected literature
through 1973 relating to environmental exposure and health
effects. Washington, DC: U.S. Environmental Protection

Agency. EPA 560/2-76-001.

Kuryvial RA, Wood RA, Barrett RE. 1974. Identification and
assessment of asbestos emissions from incidental sources of
asbestos. Washington, DC: U.S. Environmental Protection

Agency. EPA 650/2-74-087.

Meurman L. 1974. Mortality and morbidity among the working
pqpulatioh of anthophylite-asbestos miners in Finland. Br.

J. \Ind. Med. 31:105.

Mifsud A, Fornes V. Rausell-Colom JA. 1977. Natural
alteration of vermiculite to chrysotile. Am. Mineral.

62:1225-1231.

National Institute for Occupational Safety and Health

(NIOSH). 1969. Delayed eye problem. Mich. Occup. Health

'15.8.

-

National Institute for Occupational Safety and Health
(NIOSH). 1973. Health hazard evaluation determination.

Airco vacumm Metals Company, Berkeley, CA. Report No. 73-20-

80.

37



“ Fr oo

Newhouse ML, Berry G, Wagner JC, Turok E. et al. 1972. A
study of the mortality of female asbestos workers. Br. J.

Indo Med- 29 H 134"‘1 410

1977-78 OPD Chemical Buyer's Directory, 65th ed. 1977.
Chemical Marketing Reporter, New York: Schnell Publishing

Co., Inc. ~

Patty F, Ed. 1963. 1Industrial Hygiene and Toxicology, 2nd

revised ed. New York: Interscience Publishers.

Rabson SR. 196l. Vermiculite in the absorption of gases,

vapours and fumes. Ind. Chem. 37:219-220.

Stanton MF, Layard M. 1978. The carcinogenicity of fibrous
minerals. Proceedings of a workshop on asbestos: defini-
tions and methods; held at National Bureau of Standards,

Gaithersburg, MD, July 18-20, 1977. Washington, DC: U.S.

Department of Commerce, National Bureau of Standards. NBS

Special Publication 506.

Taylor DG. 1970. Infrared spectra for mineral identifica-

tion. Am. Ind. Byg. Assoc. 31:100-108.

Thomas RW. January 19, 1952. Silicosis in the ball-clay and

china-clay industries. Lancet: 133-135.

38



Trasko VM. '1956. Some facts on the prevalence of silicosis

in the United States. A.M.A. Arch. Ind. Health 44:379-386.

Tripsa R, Rotaru G. 1966. Experimental studies on the meu-

moconiosis induced by mica dust. Med. Lav. 57(8-9):492-500.

Verschuen K. 1977. Handbook of environmental data on

organic chemicals. New York: ‘Van Nostrand Reinhold Co.

Vestal TF, Winstead JA, Jabet PV et al. 1943. Pneumoconi-

osis among mica and pegmatite workers. Ind. Med. 12:11-14.

Winhom H, Griffin J, Goldberg ED. 1967. Talc in atmospheric

dusts. Environ. Sci. Technol. 1{(11):923-926.

Zumwalde RD, Industrial 1979 Hygienist, National Institute

for Occupational Safety and Health. Personal commwunication.

39



